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ABSTRACT

The present project is concerned with molecular interactions in gaseous
and liquid mixtures. The work on gaseous mixtures has as its goal develop-
ment_of‘improved methods for .characterizing the interaction energy between
uniike molecules. Such charactérization is the key to prediction of
gas mixture properties. The liquid phase study is devoted to deveLop-
ment of models for prediction of thermodynamic mimture properties of
polar liquid mix;ures. Such models would find application in such areas
as the screening bf solvents for extractive distillation.

Specific items of progress in the gas phase studies during this
report period include:

(1) Data on volumetric properties of helium-krypton mixtures have
been analyzed to provide secorid and third virial coefficients
for pure and mixed interactions in the region 225 to 325°K.

(2) An apparatus for measurement of solid-gas and vapor-liquid
equilibrium from 90°K to room temperature haé been designed
and fabricatedf Testing of the apparatus is in progress prior
to beginning study of solid-gas equilibria in the helium= -

“krypton system. |

(3) Calcglatian‘have,beenbmade which elucidate the effect of
experimental variables on the accuracy of pair-potential
parameters determined from virial coeffic.ient data.

For the liquid phase studies:



(1) Barker's quasi-lattice theory has been applied to mixing
properties of‘aicohol—paraffin systems. Comparisons with
 experimental data reveal an accuracy comparable to the lattice-
gas model recently developéd-in this work.

(2) A simplified vapor pressure apparatus has proved satisfactory
fpr measurement of binary solution Vapor pressures. Data
have been obtained on binary mixtures of hexane, benzene, and
ethanol, and excess free energies and entropies calculated

therefrom.
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Total ﬁumber:of Facﬁlty Involved

One facdlty member, Dr. Robert L. Robinson, Jr., Project
Director, has been.principly involved in this project. Dr. K. C.
Chao, Department of‘Chemical Engineering, Purdue University, has

served extensively as consultant in the liquid-phase study during

this project period;

Total Numbéf of Students Involved

.Six Chemical'Engineering graduate stpdents have been active
in the project area; two are supported by this project. Mr. D. D,
Dillard has worked on the gas phase studies and Mr. C. M. Kuo has
worked on the liquid‘phase studies, Both these Ph.D. studénts,
supported by this project, plan to complete their work in the near
future. Mr. F. H. Kate and Mr. H.-M, Lin are Ph.D. candidates
working in the project area but are supported by NSF funds. Both
these'stgdents began in September, 1968, on this project and will
continqegand_extend‘the work of Mr. Dillard and Mr. Kuo. In addition,
two M. S. candidates, Mr. C. J. Mundis and Mr. V. Cf Smith have
worked in the project area but received no support from the project.
Both these men recently completed their M. 8. theses and finished their

work on the project.



 Seminars

Any Industrial Involvement
There has been no industrial involvement during this reporting

period.

Publications
No publications have appeared in this progress period. However,

one manuscript has been submitted to Journal of Chemical Physics, and

two other manuscripts are currently in preparation.

Multidisciplinary Efforts
No formal multidisciplinary efforts have been involved, but
close contact and exchange of information with Dr. Lionel Raff,

Chemistry, and Dr. Thomas Winter, Physics, have been maintained on

‘projects of mutual interest.

Projects ‘or Parts of Your Project Either Supported in Part by Other
Sources or Forecast to be Supported

A National Science Foundatioﬁ Grant for a two-year period in
the amount of $54,800 was received, effective September 1, 1968, to
provide continued support of this project. The NSF project title
is "Unlike-Molecule Interactions and Properties of Simple Mixtures.™
The proposal on which the NSF grant was based was a direct outgrowth

of knowledge obtained from the present NASA project.

No seminars were held during this report period.

Curricula Changes as a Result of the Findings or Efforts in this

Project

No curricula changes have been made.
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PROGRESS

Gas Phase Study
In one part of this study; experimental data on the volumetric
properties of helium-krypton mixtures have been obtained using a

Burnett Apparatus. Data have been obtained from 100 to 2000 psia for

‘five compositions (0, 25, 50, 75, and 100% krypton) at three temp-

eratures, -50, 0, +50°C. These data were obtained‘by Mr. D. D.
Dillard, Graduate Associate.

Work in this part of the project has centered on extraction of
compressibilities and virial coefficients from the raw Burnett data.
The Burnett technique has found favor in recent years due to its
experimental simplicity. Unfortunately, extraction of information from
the data is a sensitive problem in non-linear regression. Differences
in opinion persist on proper treatment of the data, as emphésized by
a recent conference ‘at the National Bureau of Standards, Washington,
devoted entirely to the Burnett method.

Second and third virial coefficients have been‘determined from
the Burﬁett data and are presented in Figures 1 and 2. The data

treatment method used was similar to that suggested by Canfield. (1),

" Comparisons of the helium data with recent literature data are shown

in‘Table l; comparisons for krypton are shown in Figure 3.
Mr. H.-M. Lin, Graduate Assistant, has been working on this pro-

ject, under NSF support, since September, 1968. This phase of the



project has bheen concerned with methods for prediction of mixture pro-
perties by suitable "combination rules” and known pure component
properties. Literature data on equilibrium and transport properties
at low pressures hawve been collected. These data are currently
being employed to test existing "coﬁbination rule! models for pre-
dicting unlike-molecule intermolecular pair-potential parameters from
known pure component parameters. i
As a prerequisite to the above tests, a study was performed to
assess the uncertainties in pair-potential parameters determined from
macroscopic property data. Results of this analysis are giwen in the
attached péper manuscript and will not be discussed further here.
& Mr. Ffed Kate, Graduate Assistant, joined the project, under
NSF support, in September, 1968. He has worked on the design and
fabrication of an equilibrium apparatus capable of measuring solid-
gas and wvapor-liquid equilibria in binary systems at low temperatures
and high pressures. During the past report period, he has assembled
the apparatus-and is currently teéting the vacuum and temperature
control systems. The equipment is shown in Figures 4 and 5. The
apparatus is essentially a gas flow type where the dense phase
(solid or liquid) saturates the gas as the gas passes through a series
ofvtrays. The effluent is sent to a chromatograph for analysis.
Solid-gas equilibria will be investigated in the helium-krypton'
system as soon és the apparatus is deemed ready; These data, in con=~
junction with the Burnett data, will determing the interaction virial’
coefficient for helium-krypton from 80 to 323°K; This wide temperature

range should permit accurate evaluation of potential parameters.



1I1.

Liquid Phase Study

Mr. C. M. Kuo, Graduate Assistant, has continued his work on
group-contribution models for prediction of mixing properties in
non-ideal liquid solutions.

Calculations have been made for mixing properties in n-alcohol-
n-paraffin systems based on the quasi-lattice models presented by
Guggenheim (2) and Barker (3). These calculations were made to
furnish comparisons with the solution model developed and described in
the previous progress report. The calculations show that the new
model is comparable to the quasi-lattice model in prediction of
excess enthalpies, but slightly superior in prediction of excess free
energies and entropies.

Mr. V., C. Smith has completed work on the design and testing of
a simplified mixture vapor pressure apparatus for measurement of
total solution vapor pressures (4), The apparatus, shown in Figure 6,
permits samples of known composition to be prepared prior to degassing.
Degassing is accomplished by boiling under reflux and subsequently
freezing the sclution within the equilibrium cell. The cell has been
used to measure vapor pressures at 25°C in the binary systems of benzene
ethanol and hexane. Results are shown in Figures 7 through 9. This
cell facilitates measurements which yield excess free energies. The
free energies may be combined with literature data on excess enthalpies
to yield excess entropies. Such properties are indispensible in testing
models for behavior of non-ideal solutions. (Results are shown in
Figures 10 through 12, along with entropies predicted by the Wilson (5)

equation.)
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TABLE 1

COMPARISON OF VALUES FOR THE SECOND VIRIAL OF HELIUM, cc/g-mol

Reference T = 323.15K T = 273.15%K T = 223.15%
This Work 11.57 11.93 12.06
Holborn (6) 11.73 11.86 11.93
Michels (22) 11.57 11.87

Blancett (7) 11.82 11.91 12.21
Hall (13) 11.76 11.94 12.16
Wiebe (8) 11.43 11.70

Tanner (9) 11.39 11.70

Keesom (10) 11.30 11.48 11.59
Canfield (1) 12.09

White (11) 12.08

Schneider (12) 11.77

Barieau (l4) 11.98



SECOND VIRTAL COEFFICIENT, B, cc/g mole
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Figure 1

Second Virial Coefficients of Helium Krypton Mixtures
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2

THIRD VIRIAL COEFFICIENT, C x 10”3, (cc/g mole)
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Third Virial Coefficients of Heljum-Krvpton Mixtures
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CINPUT
,ﬁ\_.,___,___,“_r~~§~
| N,
K —
OUTPUT
I A Three-way Teflon stopcock

B, C Sidearm with ground glass joints

D Liquid reservoir
H . -
E Teflon outer plug
] F Glass expansion

LN- —- G Teflon inner valve
////’ L\\\\\. H Condeunser

J Pressure transducer

D K Sidearm with ground glass joint

Figure 6. Fquilibrium Cell
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UNCERTAINTIES IN INTERMOLECULAR
PAIR POTENTIAL PARAMITERS DETERMINED
FROM MACROSCOPIC PROPERTY DATA
1. VIRIAL COFFFICIENTS
H.-M. Lin and R. L. Robinson, Jr.

School of Chemical Engineering

Oklahcoma State University
Stillwater, Oklahoma 74074

ABSTRACT

The effect of experimental variables (temperature range, experimental
uncertainty, and number of data points) on the uncertainties in intermo-
lecular pair potential parameters derived from second virial coefficient
data is described. A knowledge of these uncertainties is required when
conclusions regarding combination rules for prediction of the unlike pair
potential are made from comparisuvn of Yexperimental" and predicted unlike

pair parameters.



I. INTRODUCTION

At the present time, the ab initio calculation of the pair potential
function has not been accomplished for cases involvihg atoms more complex
than heliuml. Although theoretical work has furnished valuable practical
~information régarding specific portions of the potentialzas, empirical
models are still required for the complete description of the potential
curve.,

Numerous empirical potential models (Lennard-Jones, Kihara, exp-6;
Morse,>etc.) have been proposed and thoroughly studied. Such models, con-
taining two.or more adjustable parameters, can be related to the low
pressure equilibrium and transport properties of gases by well established
- theoretical relationships6. In practice, these theoretical relationships
are employed to determine values of ﬁhe potential parameters from experi-
mental equilibrium or transport data. The empiriéal\potentials so deter-
mined can serve several useful functions, including interpolation of data,
prediction of a property from a potential based on data on a second pro-
perty7’8, aﬁd‘prediction of mixture properties based on pure component datag,
through the use of appropriate combination rules for the potential parameters.

Alternatively; sets of potential parameters have been employed to
compare (or force agreement of) the parameters with values based on theoret-
ical calculationsio’11; and.to investigate the validity of various com-
‘binatibn ruleﬁ for prediction oﬁ unlike-molecule potential parameters from
pure component_value512‘16;

In coﬁparisons of thg typeldéscribed above, conclusions must be tem-

pered by a knowledge of the uncertainties in the potential parameters

employed and the relation of these uncertainties to the uncertainty in the



experimental data on which they are based. Only when such uncertainties
are known can meaningful conclusions be reached from comparison of poten-

tial parameters.
I1. EVALUATION OF PARAMETER UNCERTAINTIES

In past studies where potential parameters have been determined, any
attention to the associated uncertainties is rare; at best, some off-hand
comment is given (e.g., ¢ is thought to be known to +10%, ¢ to +1%). There

8,17,18, particularly the work of DiPippo and Kestina.

are notablg exceptions
In attémpting to evaluate combination rules for prediction of mixture vis-
cosities, they a¢knowlcdged that they "are hampered by the inherent uncer-
tainties these (parameter) values which are conditioned by the uncertainties
in the measurements" aﬁd that ":Bis matter has received scant attention in
the 1iterature"8. They then provided a simplé and approximate error analysis
as follows. Two viscosity data at separate reduced temperatures, Tf and T%,
were considered, each datum being uncertain by an equal amount Ap. Using
simple maximum error propagation analysis and the Lennard-Jones 6-12 model,
they calcﬁlated Ae/e as a function of T§ (:sz/e) for a fixed Tf = 2,36,
Similar treatment was done for the distance parameter, ¢. From their study,
DiPippo and Kestin concluded
i) Data taken over a smail temperature fange lead to large
uncertainties in potential parameters, even for rather
précise data.
ii) The percentage error in the energy parameter €, is an

order of magnitude 1argér (10 to 100% in Ae/e) than

. . . . 2 ‘ '
in the distance parameter, ¢, since "o~ appears explicitly



[ ]

(in the equation for ) whereas e¢ is computed from

the inverse of the function ﬁ(z’z)*(T*)"B.
They point out the above could account for the diversity of e values that
are present in the litesature for a giveﬁ molecular specie.

In view of thée scant prior attention to this subject, a more detailed
analysis of the parameter uncertainty problem in terms of statistical

- least squares regression and error propagation theories seems warranted.
Using certain simplifications, a rather generalized relationship among

the parameter uncertainties (i.e., estimated standard errors in regression
coefficientslg) and pertinent independent variables may be established.

In the éresent paper, we choose to demonstrate the gffect of experi-
mental variables on the parameter uncertainties for the situation where
parameters are based on second virial coefficient data and the Lennard-
Jones 6~12 model. (Similar techniques can Be'applied to other properties
and/or other potential modelszo). The Lennard-Jones model for the inter-
molecular pair potential, U(r); as a function of molecuiar separation, r,

is

and U is related to the second virial coefficient, B(T), by the following

equatibn

B(T) = 2N [1-exp(-U/kT) J£2dr (2)

- 0
If B(T) data are used to establish the parameters ¢ and ¢ by least-
squares fit of the calculated to experimental B(T) values, the parameter

unceértainties, S, and Sy may be evaluated by usual statistical procedures

U = e (D DO (1)

»



(Here s2

lation scheme is given in the Appendix.

is the parameter variance.) Detailed description of the calcu-

sent analysis are

1)-

i1)

The.G-IZ model is assumed to be the correct model for

the data (i.e.,'lack-of~£it'is neglected in the calcu=-

‘lations).

The virial coefficient data are assumed to be evenly

spaced with respect to temperature and to have an un-

ceftainty, Sp? which is independent of temperature.
The number of observations, n, is assumed to be large
so that in the statistical error propagation equations

for Se and Sy all sums over n of terms proportional to

’ABi are negligible. This follows from the fact that

AB is a random variable of mean zero by i) and ii).

The general features of the pre-

Under these assumptions, the uncertainties in € and ¢ may be expressed

as functions of the uncertainty in the virial coefficients, Sy

the extreme

values of reduced temperature of the data, T;in and.T;ax, and the number

of data points, n, i.e.,

s =85 (s T*, T* n
€ e( B’ "min’ “max’ )

(3

with a similar relation for sd. The relations were evaluated from tab-

ulated values of B* vs T*6

given in Figures 1 through 3.

as described in the Appendix and results are



ITI. DISCUSSION

The results presented in Figures 1 and 2 may be interpreted as showing
the effect of the temperature range of the data on the ratio of the fractional
parameter uncertainty (- /e or sU/o) to the virial coefficient uncertainty

. & '
2 -

(expressed as a fraction of the hard-sphere value, bo = 3ﬂNO3), for a fixed

number of data points. These results show that in general the parameter

ra]—

uncertainty is directly proportional to the data uncertainty, sy» and to n",
as might be anticipated; however, the effect of temperature range on the
parameters isiless obvious. Particular information which may be drawn from
the figures includes
i) For small temperature ranges, the parameter uncertainty
increases rapidly as the range decreases 2,
-ii) For a given initial temperaturg, T;in’ there‘is an op-
timum final temperature for minimizing the uncertainty
in a given parameter. The optimum value of T;ax is, in
general, different for the two parameters ¢ and g.
Spacing a given number of data points over as wide a
T* range as possible does not minimize the parameter
uncertainty (as it would in the case in linear re-
gression).

The energy parameter, ¢, becomes very uncertain when

e
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~

based on high temperature data, due to décreased in-
fluence of po;entialvbowl dépth at high temperatures,
i.e., the approach to hard sphere behavior at high
temperatures.

iv) For a given parameter, the most sensitive temperature

range occurs in the region where the sensitivity to



the other parameter is low. Thus, for precise

values of €, the range of T* from 3 to 4 seems

optimum (3B*/3c = 0 at T* = 3.4, tﬁe Boyle

point23) and for o the optimum range is about ‘20

to 35 (aB/aeA= 0 at T* = 26.2, the inversion point
:’1n B).

v) Figure 3 shows that the relative percentage un-
éertainties in the two parameters depend on the
‘experimental temperature range. Furthermore, in
the most common range of temperatures, T* < 10,
either of the two pafameters might be the more
precise by as much as an order of magnitude, de-
pending on the ﬁemperature range covered.

vi) In studies of mixtures of dissimilar components,
the less certain of the two pure component para-
ﬁéters, ¢ and o, may in fact differ from component
‘to componentza;

The basis for the above analysis may be questioned from several views,
éerhaps most obviously from the dependence of the results on the 6-12 poten-
tial. This model was used Eecause it has the general qualitative features
desired and,‘in spite of its well-known limitationszs, it remains to daté

. : . : - 7,1
the most widely-used model in calculations and discussions of transport ’ 25

13,26,27 9’16’28 properties. A second point of concern

independent of T*zg. Certainly at low temperatures

and equilibriun

is the use of a value of SB

sy should be expected to increase as experimental problems increase. However,

alternative simple descriptions of s, also invite criticism (e.g., a constant

B
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percentage uncertainty fails at the region of the Boyle point, where
B=0).

in spite of the above limitations, the qualitative behéQior of the
'parameter uncertainties is reasonably-described. Exact numerical results
would vary from potential to potential. Nonetheless, any model consistent
with two parameter corresponding states, U = ¢f(o/r), would show the
qualitative featurés displayed. A kno&ledge of these features should be
of value both to experimentalists planning a study using virial coefficients
to establish potential parameters, and persons comparing potential parameters
for testing combination rules;

In geﬁeral, the testing of combination rules by using comparisons of
the experimental and calculated unlike-molecule parameters is less meaning-
ful»than direct comparisons of experimental data with property values cal-
culéted using parameters based on a given combination tu1e30”32. Any com~
bination rules which can reproduce the data within ‘experimental uncertainty
must be viewed as acceptable. Often, a considerable range of parameter pairs
may be adequate, due to the insensitivity of the predicted B values to the
parameteré in.certain temperature regions.

The analysis given abovg should not be viewed as furnishing information
-regarding the selection of a potential function. The use of equilibrium and
transport properties to differentiate between potential functions is well

18,33

described elsewhere . Rather, the present work is restricted to evaluation

of uncertainties in parameter values based on a specified potential.



1V. CONCLUSTONS

Galcuiations have been made which illustrate the qualitative effects
of-experim&nial'variableé, including temperature, number of data points,
.and experimental uncertainty, on the intcrméiecular pair potential para-
meters determined from virial coefficient data. Results are based on the
6-12 potential, but the qualitative conclusions shouia appl§ to any poten-

tial consistent with the two-parameter corresponding states principle.
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APPENDIX

Let the functional relationship

F(B®, T, & 8,) =0 (4)

19
describe the second virial coefficient calculated from a specific poten~
tial model of the form U(r) = Glf(Tlez). In addition, consider a set

of exﬁerimedtal data pairs

Bi’ Ti (i = 1,n) (5)
be known. 'These data may servé to establish the values of 91, Qé by
employing the usual least-squares criterion

0 c 2 a 2
¥ (B, - B, ) = £ (AB,)" = minimum (6)
. i i :
i=1 i=}
At the least-squares solution for 9 2, the parameter variances and

co-variances may be evaluated from the theory of error propagation to

yiele]

2 2 2 2 n (BABk>
s2, =si4b.- % £ b b zas | | 7
o0y =% | s T I L Pistae DM\ 5838, ) my, By

where

— A=l _ -1
[bi;jjz,z“"‘ =la s, (8)

A = coefficient matrix of normal equations

n -'amsk 3AB,
as = N3 8 3 B ,6
ts oy (\28 JTieBef s \ 0% k’ kst
2%,
+ AB ———— (9

k agéoet | Tk’Bk-
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To facilitate the presentation in a general form of the dependence
of the paramétef>un¢ertainties in terms of experimental variables, the
following assumptions have been employed |

i) The potential 1 «del, Eq.‘(l),-is the correct model

for the data considered i.e., there is né "lack of
fit" associated with the regression.

ii) ~The experimental déta contain random errors in the

B values, the magnitude of which is independent of

T and of variance 5;; the T values are without error.
iii) From the above aséumptidns, the ABk values are random

variables of mean zero when Bi is evaluated at the

exac; least-squares values of 01, 02. We employvthe

limit of large numbers of data points, n, so that

all sums qvéf n (in ths. (7) and (9)) of terms pro-

portional to ABk~may be neglécted due to the random

nature of the AB, values.

The above assumptions result in the following expressions for the

parameter variances

. , 2,2 2 Q2
(sG/sB)(bO/c) x= 31/9(8153 - 5,2) (10)
2,2 2 2
(sS/sg) (b /e)"=5,/(5,5,5 = §)) (11)
n 2
s1 = 21 (Béi)i (12)
n
S, = T (B*B¥), (13)
2 4= 1
53 = % (B¥%): (14)
1
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~wherg B% and 8% (= J% dB%/dT%) have bean tabulated as functions, of T
Jfio% pkh¢a Tzlzz'XRétQﬂﬁiﬂlxba-iu{Alﬁ:Il Anareases, the sums. Sf_\l,i S-i.and% S-j. over. a
if.imed: (¥, zange. hecome iprapontional, to.ny so the left sides of Eqs. (10)
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FIGURE CAPTIONS

1. The Effect of Experimental Variables on Uncertainfy'in the Pair
Potential Energy Parameter, ¢.

2. The Effect of Experimental Variables on Uncertainty in the Pair
Potential Distance Parameter, ¢.

,3.'>Re1ative‘Ffactional ﬁncertéinties in the Pair Potential Parameters,

€ and o as a Function of the Temperature Range of the Virial Coefficient

Data.



10.
11.

12.

13.
14.
15.
16.

17.

18.

13
REFERENCES

E. A. Mason and L. Monchick, Advances. in Chemical Physics, V. XII,
J.»O.'Hirschfelder, editof, Interscience Publishers, 1967.'

A. A. Abrahaméon, Phys. Rev. 130, 692 (1963).

P. E. Phillipson, Phys. Rev. 125, 1981 (1962).

A.vDalgafno; A@vances in Chemical Physics, V.XI1, J. O. Hi;schfelder,
éditog, Interscience Pubiishers,~l967.

K. S. Pitzer,Advances in Chemical Phy51cs, V.11, I. Prlgogine, editor,
Interscience Pub11shers, 1959.

J. 0, leschfelder, c. F. Curtiss, and R. B. Blrd "Molecular Theory

of Gases and Liquids" (John Wiley and Sons, Inc., New York, 1954).

A. P. Malinauskas and M. D, Silverman, J. Chem. Phys. 50, 3263 (1969).

R. DiPippo and J. Kestin, Symp. Thermophys. Properties, 352, Lafayette,
Ind., 32 (1965).

B. van Eijnsbergen and J. J. M. Beenakker, Physica 39, 519 (1968) .

D. D. Konowalow, J. Chem. Phys. 50, 12 (1969).

A. E. Kingston, J. Chem. Phys. 42, 719 (1965).

‘R. J. J. van Heijningen, J. P. Harpe, and J. J. M. Beenakker, Physica

38, 1 (1968).

R. DiPippo and J. Kestin, J. Chem. Phys. 49, 2192 (1968).

P. Zandbergen and J. J. M, Beenakker, Physica 33, 343 (1967).

G. Thomaés, R. yan'Steenwinkel and W. Stone, Mol. Phys. 3, 301 (1962).
N. K. Kalfoglou and J. G. Miller, J. Phys. Chem. 71, 1256 (1967).

A. Michels, Proceedings of the International Seminar on the Transport
Properties of Cases, Brown Uhiv., Providence, R. 1., 1964.

H. J. M. Hanley and M. Klein, "Nat. Bur. Stand. Tech. Note.", No. 360

(1967).



19. .

20,

21,

22.

23.

24,

25.
26.
27,
28.

29.

30.
31.
. 32.

33.

14

An informative discussion on the interpretation of individual parameter
standard errors is given by N. R. Draper and H. Smith "Applied Regression
Analysis" (John Wiley and Sons, Inc., New York, 1966).

H.-M. Lin and R. L. Robinson, Jr., Unpublished Calculations.

R. E. Barieau and B. J. Dalton, U. S. Bureau of Mines, R. I. 6900

(1967).

This conclusion agrees with that of DiPippo and Kestin8 regarding vis-

cosity; similar results seem reasonable for other equilibrium and trans-

port properties.

_Michelsl7 has previously commented on the uncertainty of ¢ near the

Boyle point.
Fdr‘example; in the He-Kr system in the range 350—500°K, one would find

for He: so/c;w 0.03 Sele’ and for Kr: 50/0 ~ 1.38 se/e (based on ¢

values from reference 6).

A. E. Sherwood and J. M. Prausnitz, J. Chem. Phys. él, 429 (1964).

W. van Dael and H. Céuwenbergh,‘Physica 40, 173 (1968).
R. A. Matula, J. Heat. Transf. 319 Aug. (1968).

N. J. Trappeniers, T. Wassenaar and G. J. Wolkers, Physica 32, 1503 (1966).

‘Hanley and Kleinls also employed a constant unéertainty in B to study

potentiai parameter QﬁCertainties.

E. A. Mason, M. Islam and S. Weissman, Phys. Fluids 7, 1011 (1964).

B. E. F. Fender and G. D. Halsey, Jr., J.-Chem. Phys. 36, 1881 (1962).
E..A; Mason, J. Chem. Phys. 23 49 (1955).

M. Klein and H. J. M. Hanley, Trans. Faraday Soc. 64, 2927 (1968).



Se/€
Sa/b,

O 0O N ® 0O

. I/2

100

90
80
70

60
50

40

30

20

*
Tumax

n
4 1.5
0.5
05
| X .,_
N\
! L | AR IRENY 3] ] I
| 6 810 20 40 60 80100 200

400




So/0
SB/ bo

1 /2

Z

30

20

o O ~N ®WOO

BN

0.9
0.8

o7
0.6

0.5

04

3

05

TTIIIII L o lIlIl_li

5 7

20

L1 Loy gyt

1

40 60 80100

200

1
400



